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Outline

• Market trends 

• Pharmaceutical Products for HPLC

• Pharmaceutical Products for GC  
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Liquid Chromatography Consumables Market by 
Geography

Estimated Global Market Distribution

2007 HPLC Demand by Type

North America
35%

Europe
34%

Japan
13%

China
4%

Pac Rim
8%

Latin America
3%

ROW
3%

2007 SDI Market Forecast

Region Percentage Estimated 
TAM

Domestic US 35% 245

Europe 34% 238*

ROW 31% 217

* Potentially inflated by 
currency translation

Large market 
opportunity within 
Restek reach, 
especially for new 
technology
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Liquid Chromatography Consumables Market by Industry

2007 SDI Market Forecast * Potentially inflated by currency translation

2007 HPLC Demand by Industry

Pharma
28%

Academia
13%

Biotech
12%

Chemical
10%

Gov. research
7%

CRO
5%

Environmental 
5%

Ag/Food
4%

Clinical
3%

Other
13%

Pharma is a major 
user of LC 

Pharma is a major 
user of LC 

Opportunity to
expand our 
industry reach and 
focus –
•Ag/Food
•Clinical 
•Environmental 
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Market Assessment – HPLC Demand 

2007 HPLC Demand by Type

Analytical HPLC
68%

UHPLC
7%

Nano LC
5%

GPC/SEC
3%

AAA
2%

Prep HPLC
15%

2007 SDI Market Forecast

Major market 
segment for 
Pharma

Major market 
segment for 
Pharma

Focus for future Pharma salesFocus for future Pharma sales

Largely PharmaLargely Pharma
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SDI data on analytical instrument technology shows mass spectrometry is a $3B market and 
predicts…

…that it will have fastest growth rate (8.3%) of any analytical 
instrument technology

Technology Focus ‐Mass Spectrometry
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Technology Focus ‐Mass Spectrometry

Industry  Percentage Trending

Pharmaceutical and Biotech 49% ↓

Clinical 13% ↑↑

Basic Research 20% ↓

Environmental

Petroleum

Forensics

Food

18% ↑

The use of Mass Spectrometry is creating industry growth opportunities

Focus product development and applications on MS

Mar 10, 2008
E-Separation Solutions
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Determining Column Format 

Column Options

• Silica

• Pore size

• Particle Size

• Dimensions

• Phase

dp

ID

L

Pore Volume
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Determining Column Format 

Column Options
• Silica Type = Restek Column Brand

– Determines Retention, Activity and Industry fit

• Particle Size = UHPLC or HPLC
– Determines technology – what type of instrument

• Column Dimensions
– Determines Technology (LC/MS) and sample capacity

dp

ID

L

Pore Volume
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Restek High Purity LC Column Lines

Column Line Pore 
Size (Å)

Surface 
Area 

(m2/g)

Carbon 
Load 

(%)

Usage

Allure 60 450 27 Very high retention (highest convectional C18 in market)

High Purity Type B (super low metal content)

5 um particle size only (type B)

Ultra** 100 300 20 High Retention

High Purity Type B (super low metal content)

3 and 5um particle size only

Pinnacle DB** 140 150 11 Mid- Retention 

Base Deactivated

1.9, 3 and 5um particle sizes

UHPLC and HPLC

Good recommendations for all markets, including 
pharmaceutical 
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Restek LC Column Lines

Column Line Pore 
Size (Å)

Surface 
Area 

(m2/g)

Carbon 
Load 

(%)

Usage

Pinnacle II 110 180 13 Mid – Retention 

Acidic Silica (not for Reversed Phase in Pharma)
3 and 5um particle size only

Type A Economical Silica – NOT intended for sale in the 
pharmaceutical market
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Particle Size to Instrument Fit Chart
Manufacturer Model Recommended 

Particle Size (μm)
Recommended 

ID (mm)

Waters Alliance 5 and 3 4.6 and 3.2

Waters Acquity 1.9 2.1

Agilent 1100 5 and 3 4.6 and 3.2

Shimadzu Nexera 1.9 2.1

Hitachi La Chrom Elite 5 and 3 4.6 and 3.2

Hitachi La Chrom Ultra 1.9 2.1

Dionex Ultimate 3000 5 and 3 4.6 and 3.2

Dionex Ultimate 3000 RS 1.9 2.1

Perkin Elmer Flexar 1.9 2.1

Jasco XLC 1.9 2.1

Agilent 1200 5,3 (and 2.2) 4.6, 3.2 (and 3.0)

Agilent 1290 1.9 2.1

Shimadzu Prominence 5 and 3 4.6 and 3.2

Shimadzu UFLC XR 2.2 3.0

Thermo Accela 1.9 2.1
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Capillary Columns Available

Becoming popular for Bio Analytical and Bio Pharma applications

Phase Pore Size 
(Å)

ID (mm) Length (mm)

Ultra Aqueous C18 100 0.3 50

Ultra Aqueous C18 100 0. 3 150

Ultra C18 100 0.3 50

Ultra C18 100 0.3 150

Viva C18 300 0.3 50

Viva C18 300 0.3 150
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Restek Reversed Phase Column Listing 

Phase Type Phase Type Usage 

C1 through C18 Conventional Alkyls General Purpose Alkyl Phases 

Aqueous C18 “Aqueous” •Balanced Retention (retains the widest range of compounds)
•100% compatibility with aqueous mobile phases – no de-wetting

•Great for drug discovery and LC/MS/MS C18

•Rugged

AK Combined Alkyl and 
Phenyl Properties

Intermediate C18 and Phenyl Selectivity 

Aromax Maximum Aromatic 
Selectivity

•Specialty phenyl for maximum aromatic selectivity

•High retention for LC/MS/MS in DMPK

Phenyl Conventional Phenyl General purpose phenyl 

Biphenyl Advanced “special”

Phenyl 

•Higher retention and selectivity than phenyl

•Great for aromatic or unsaturated compounds

•Increased selectivity when compared to phenyl hexyl and diphenyl

Unique
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Restek Reversed Phase Column Listing

Phase Type Phase Type Usage 

IBD Polar Embedded •RP and HILIC Modes

•Great for DMPK (retention of polar acids) and QA/QC (excellent peak 
shape of bases)

•Lessens needs for mobile phase modifiers

PFP Fluorinated Not to be recommended over PFP Propyl unless PFP Propyl shows too 
much retention

PFP Propyl Fluorinated •RP and HILIC Modes

•Great for DMPK (retention of protonated bases and halogenated 
compounds) 

•Typically more versatile than Cyano columns in pH range 

•Lessens need for mobile phase modifiers

Amino Amino Traditional chemistry, highly used for the analysis of saccharides and 
sugars

Cyano Cyano Traditional column chemistry for the increased retention and 
selectivity of protonated bases

Unique
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Multi Modal Analysis of 4-Methylimidazole (4MI or 4-MEI)

Ultra PFP Propyl
4.6 x 150mm, 
5µm

1.5 mL/min, 

30ºC

A: 0.1% formic 
acid in water
B: 0.1% formic 
acid in Methanol

0.0 2.5 5.0 7.5 10.0 12.5 min
0.00

58.98

-9.88

mAU
214nm,0nm (1.00)

0.0 2.5 5.0 7.5 10.0 12.5 min
0.00

78.71

-20.73

mAU
214nm,0nm (1.00)

0.0 2.5 5.0 7.5 10.0 12.5 min
0.00

84.35

-22.94

mAU
214nm,0nm (1.00)

0.0 2.5 5.0 7.5 10.0 12.5 min
0.00

92.47

-21.68

mAU
214nm,0nm (1.00)

0.0 2.5 5.0 7.5 10.0 12.5 min
0.00

94.44

-18.60

mAU
214nm,0nm (1.00)

0.0 2.5 5.0 7.5 10.0 12.5 min
0.00

89.40

-18.55

mAU
214nm,0nm (1.00)

0.0 2.5 5.0 7.5 10.0 12.5 min
0.00

84.28

-19.37

mAU
214nm,0nm (1.00)

0.0 2.5 5.0 7.5 10.0 12.5 min
0.00

71.00

-13.22

mAU
214nm,0nm (1.00)

0.0 2.5 5.0 7.5 10.0 12.5 min

0.00
52.06

-24.79

mAU
214nm,0nm (1.00)

0.0 2.5 5.0 7.5 10.0 12.5 min
0.00

40.38

-11.06

mAU
214nm,0nm (1.00)

%B

Time

0

30

90

60
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Ultra Silica
2.1 x 100mm, 3µm

0.4mL/min
80% MeOH

20% 10mM ammonium formate in water
30ºC

1µL injection
10µg/mL in 0.1% formic acid in water

SIM m/z=83

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
0.00

0.25

0.50

0.75

1.00

1.25

(x1,000,000)

83.00 (1.00)
TIC

k ~ 0.5

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0
0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0
(x100,000)

83.00 (1.00)
TIC

Ultra PFPP
2.1 x 100mm, 3µm

0.4mL/min
30% Water w/ 0.02% formic acid 
70% MeOH w/ 0.02% formic acid

30ºC
1µL injection

10µg/mL in 0.1% formic acid in water
SIM m/z=83

k ~ 13

HILIC Retention 
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Restek Normal Phase / HILIC Column Listing 

Phase Type Phase Type Usage 

IBD Polar Embedded •Can be used on NPC and HILIC modes

•Excellent selling point for DMPK (RP and HILIC modes)

PFP Fluorinated Not to recommended over PFP Propyl unless PFPP shows too much 
retention

PFP Propyl Fluorinated •Can be used on NPC and HILIC modes

•Excellent selling point for DMPK (RP and HILIC modes)

Amino Amino General purpose NPC / HILIC

Cyano Cyano General purpose NPC / HILIC

Silica Silica General purpose NPC / HILIC
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Restek UHPLC

Actual E‐mail Customer response :

" Darrel,
Just wanted to let you know we retired one of your uplc columns today.  The column 
had over 13,000 injections on it and still passed all system suitability 
requirement.  Just getting a little close.  Just thought I'd give you a shout.  Feel free to 
use that as an example to any potential customers if you want

‐Manager of Quality Control, 
Mylan Pharmaceuticals " 

•Features  
• Widest Variety of Stationary Phases

• Cost – Effective

• Improved Lifetime – innovative 
hardware design

• Restek Manufactured Silica – total 
control
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Pinnacle DB UHPLC Columns

COLUMNS TESTED:     UPLC® HSS T3 1.8 mm, 2.1/50 MM (Waters Corporation), 
Acquity UPLC® BEH C18 1.7 mm, 2.1/100 mm (Waters Corporation)
Pinnacle DB C18 1.9 mm, 2.1/50 mm (Restek U.S.) 
VisionHT C18‐P 1.5 mm, 2.0/50 mm (Grace)
Hypersil GOLD 1.9 mm, 2.1/50mm (Thermo Scientific) 

using a validated (Bioanalytical method validation by FDA 2001) in GLP environment and OECD 
audited method. 

Title of article is:

APPLICATION OF ULTRA PERFORMANCE COLUMNS IN HIGH PERFORMANCE LIQUID CHROMATOGRAPHY FOR 
ALBENDAZOLE AND ITS METABOLITES DETERMINATION IN TURKEYS 

Tomasz Grabowski a, Jerzy Jan Jaroszewski b , Anna Świerczewska a, Renata Sawicka a, Tomasz Maślanka b, 
Włodzimierz Markiewicz b, Hubert Ziółkowski b

a Centre of Pharmacokinetics Research FILAB, Ravimed Sp. z o.o., Łajski, (Poland)
b Department of Pharmacology and Toxicology, Faculty of Veterinary Medicine, University of Warmia and Mazury, 
Olsztyn, (Poland) 

Best Column
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Proper Filtration for UHPLC

Injection Valve

Install 0.5um Ultra Line or 
0.5um Ultra Shield

• Will not stop matrix
• Guard columns add volume and losses in efficiency 
• 0.00625mm tubing compared to 0.175mm tubing for HPLC

Ultra Line Ultra Shield
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Product Focus

• USLC is the use of Selectivity on any instrument platform  

• USLC phases offer the widest variety of selectivity for 
effective and fast method development

• USLC phases define a simple approach to column selection

• USLC offers a simplified product offering for column 
recommendations

22



Restek Product Positioning

This is independent of column line.  It differentiates our phases, not our column lines 
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Competitive Column Offerings

We have them all!
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Selectivity on any Instrument Format
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The Value of Selectivity

Correlation of Orthogonal Phase Selectivity Relative to C18

Restek currently has the largest range of selectivity in HPLC and UHPLC
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USLC Phases have the highest 
range of selectivity for RPC
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Great for Column Switching

• Automated Column Selection 

• Attach multiple mobile and stationary 
phases to system and systematically 
scout gradients

• Fast and effective method development

• Most Effective with Widest Variety of 
Stationary Phases

Courtesy of Shimadzu

11 22
33 44 55

66
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Biphenyl can provide improved 
selectivity and retention over 
competitive and traditional phenyls as 
well as phenyl hexyls and diphenyls

Biphenyl Advantage

Biphenyl has been, and continues to 
be, very successful in the domestic 
market
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Viva - Wide-Pore Silica for Bio Pharma

For the separation of compounds of MW 
greater than approximately 2000Da –
Proteins and Bio Pharma

• Restek manufactured and tightly controlled for effective     
chromatography and reproducibility - Accurate and 
precise pore volume

• Wide Variety of stationary phases available
•C4, C8, C18, Silica, Biphenyl, PFP Propyl, IBD

30



BJH Desorption dV/dD Pore Volume

2

Only Viva™ silica has a narrow distribution with the 
majority of pores falling within the 250-350Å range. 

•Restek manufactured 
for control

•If they wont fit, they 
wont separate

•Wide distribution 
means molecules 
may not fit
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Viva Competitive Comparison 
Viva™ wide pore C18 columns provide the best overall performance 
among five tested columns (reversed phase test mix; 150 x 2.1mm C18 phase columns, 
5μm particles).

Column:  Viva™ C18, 150 x 2.1mm, 5μm (cat.# 
9514562)

Mobile Phase: water:methanol, 25:75
Flow Rate: 0.2mL/min.
Detector: UV @ 254nm
Sample: 10μL Reversed Phase Test 

Mix (cat.# 35005)

Efficiency          Asymmetry Retention Time
Pressure

(plates/meter) (biphenyl) (biphenyl)
(bar)

Viva™ 300 C18 52,146 1.16 6.30              60
Waters C18 57,326 1.30 5.89 66
Phenomenex C18 49,720 1.46 5.77 72
Higgins C18 51,813 1.46 4.96 102
Zorbax C18 41,666 1.49 3.79 80

Widest spread, most 
symmetrical peaks
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Viva Competitive Comparison 

Viva™ wide pore C18 columns provide low silanol activity and low 
metals activity

Silanol
Activity

Metal 
Activity

Embedded Polar 
Functionality

Viva 300 C18 Low Low No

Waters 300 C18 Low Low No

Phenomenex 300 C18 Low Low Yes

Higgins 300 C18 High High No

Zorbax 300 C18 Low Low No

Column: Viva™ C18, 150 x 2.1mm, 5μm 
(cat.# 9514562)

Mobile Phase:  A=20% 5mmol KxHyPO4, pH = 7.0
B=80% Methanol

Flow Rate:  0.2ml/min.
Detector:  UV, 254nm
Injection:  1ml SRM870 test mix
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Viva Competitive Comparison 

Analysis of a four-protein test mix shows the superior performance of 
the Viva™ C18 column 

Column: Viva™ C18, 150 x 2.1mm, 5μm 
(cat.# 9514562)

Mobile Phase: A: 0.1% TFA in water, (pH 2.0
B: 0.1% TFA in acetonitrile
20% B to 70% B in 30 min.

Flow Rate: 0.2mL/min.
Detector: UV @ 214nm
Injection: Four Protein Standard Test Mix, 

Sigma Aldrich #H2899

Waters Symmetry 300 C18, 
150mm x 2.1mm, 5μm

Phenomenex Jupiter 300 C18, 
150mm x 2.1mm, 5μm 

Higgins Analytical Haisil C18, 
150mm x 2.1mm, 5μm 

Zorbax 300SB-C18, 
150mm x 2.1mm, 5μm
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Guard Columns - a necessity
 

• Usually same packing material as analytical column

• Inexpensive

• Sample compatibility

• Low sample dispersion

• Adequate capacity

• Minimal loss of efficiency

Holder

Frit Cartridge
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Guard Column Options

Trident Direct Guard 
Cartridge System 

Restek’s Exclusive Trident Integral System 

Trident HPLC In‐Line 
Guard Cartridge 
Holders 
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Other LC interesting products 

Individual product line 
promotions that can be 
easily applied for cross-
selling opportunities
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GC in Pharmaceutical Market

• Organic volatile impurities
– Widely used to verify contaminates in solvents used to make 

pharmaceutical products

• Restek developed new column phase
– Rxi-624Sil MS

• Column selectivity has been carefully tuned to 
give the best performance for analysis of 
solvents
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Sales Tool GC Bundle 

• Literature
– Promotional Brochures

• Rxi Flyer – GNFL1173
• Rxi-5Sil MS – GNFL1061
• Rxi-624Sil MS – PHFL1245
• USP <467> - PHFL1018A

– Application Notes and Technical Articles
• Outsourcing Solvent Methods – PHTS1262
• USP <467> - On-line 
• How Column Inertness Improves…PHAN1259
• PGI Analysis – On-Line

http://www.restek.com/aoi_pharm_main.asp

• Webinars
Practical Method Development for gas 
Chromatography
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Balanced Inertness 
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Balanced Inertness -

41



Highest Thermal Stability of its Class

• Low Bleed, high thermal 
stability polymer

•MS compatibility – no need 
to change columns when 
converting FID to MS

•Stable baselines for 
consistent results

•Longer column lifetimes
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Rxi Essentials for Pharma Use 
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Rxi Updated Brochure

Updated brochure for the USP <467>

This is the technical flyer meant to 
assist customers in implementing the 
method
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   USP<467> Standards
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USP<467> Standards

Order form available on-line
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GC Column Mix for Pharma Method Development

Rxi-5Sil MS

Phase: Non-polar Polar

Thermal Stability:   High (360) 350 320 Low (260)

Inst. Compat. GC/MS GC/FID only

Deactivation:          Balanced 
Amine (follow with same deactivation for liners) DA vs DB option

Rxi-17Sil MS Rxi-624Sil MS Stabilwax

Four GC column phases recommended for organic volatile impurities
•Wide variation in selectivity
•Highly thermally stable columns
•Very inert
•Reproducible from column to column
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Summary

• HPLC 
– USLC 

• Ultra Selective Liquid Chromatography
– Focus on:

• Ultra (Type B silica, more inert) 
– 3um and 5um particles

• Pinnacle DB (Type A silica) 
– 1.9um particles

• Viva (large molecules, Proteins and Bio Pharma )

• GC 
– Organic volatile impurities

• Rxi-624Sil MS
• Best selectivity choices

– Rxi-5Sil MS, Rxi-17Sil MS, Rxi-624Sil MS, Stabilwax
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